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Conditions of puste formation required for making re-
producible consistency measurements on domestic white
potato starches are dikcusned.  Several fuctors influencing
the consistency of the paste, such an method of drying
starch and the presence of water-soluble substances, have
been studied. Consisteney data are interpreted to yield
information regurding the extent of degradation and/or
the amount of soluble muterial present in starch sumples,
Twenty-four samples of potato starch produced by fue-
torles in the United States during the 1941=12 season have
been examined by various chemieal and physical tests.
The consistency and particles-size measurements are dis-
" cunseds  the particle-size distribution of western potato
wtarches Y5 found to be different from. that of Maine
starches, but there is no relation hetween particle-size
distribution and method of manufacture. Some conclu-
ons arc drawn regarding the influences of manufacturing
thods and the water used in manufacture on the qual-

y of ntarch.

OTATO starch has been produced in this country for more
Ptlum 100 yenrs, Many of the plants now in operation are

old, and until reeently little or no chemical control has been
exercised over their manufacturing processes, In 1038 two
new plants were established in Aroostook County, Maine, and
others were modernized.  In 1040 two starch plants were built
in Idaho. Since 1938 o good-quality domestic potato starch
has been available which is equal to that formerly imported from
Holland and Germany (7).

Samples of gtarch produced in twenty-four plants during the
1941-42 season have been examined in this Inboratory., Con-
sistency measurements and analytieal date obtained are pre-
sented, and their bearing on the quality of the starch is dis-
cussed,

MEASUREMENT OF CONSISTENCY

Errrcr or Rare or Suran.  As others have reported pre-
viously, the apparent viscosity or consistency of a starch paste
varics with the rate of shear. Thus in one experiment (2%,
paste at 70° C.), by varying the speed of rotation of the No. 3
spindle of a Brookficld viscometer from 6 to 60 r.pan., the ap-
parent viscosity was reduced from 2450 to 688 centipoises.  In
two other samples of potato starch paste, apparent viscosity
was reduced from 3760 to 950 and from 3960 to 980 centipoises,
A similar effeet ean be shown with the MacMichael viscometer

arying the speed of rotation of the cup and with the Stormer
neter by varying the driving weight.

secure comparable results, therefore, the consistencics of

:h pastes should be measured at the same rate of shear and

1 the same instrument (6). This can be done readily with the

Brookficld and MacMichael instruments.  The Stormer viscom-

eter can be used by varying the driving weight until an ar-

itrarily chosen conntnnt rate of shenr - Hay o, g oh-
tained, the viseosity heing proportionad to the driving weight,
A capillury instrument, sueh g the Binghom aml Green plas-
tometer (6), cun be used by varying the pressare to obtain o con-
stant rute of fluw,

Errier or Cooking,  Owing to ita colloidal nature, the con-
gisteney of stareh pusto s influeneed to o preat extent by con-
ditions of prepuration, Aceordingly, most workers epecify
exnct methods for making the test paste,  Inospite of this, no
matter how carcfully direetions are followed, it i diflicult, for
different, workers to cheek ench other elosely (9). ‘Fhis diflicalty
ean lurgely be overcome by mnking the starch puste in an in-
strument in which hewting and stivring are mechanically con-
trolled,  Tho consistency  mensurements ehould preferably be
made in the sume instrument, in which tho paste is nndo,

ONi-Point s, Continvous  Muasurement,  Pieraon (),
Caesar and Moore (4), and others have shown that w ono-point,
vikeosity determination is of littlo value in choracterizing o
sumplo of starch,  Severnd instruments have been devieed that
permit consisteney mewsurements to by mude ab several points
or continuously during the cooking process.  Among these are
Caesnr and Moore's consistometer (4), Darham, Wagoner, and
Teed’s rotating-eylinder viscometer (2), the cooking appuratus
desceribed by Pierson (8), and the Briubender Viscograph,

In the Brabender instrument (Figure 1), the materinl is placed
in n cup which is rotated ab constant speed;  the drag on o
geries of rods suspended in the eup is mensured by w torsion
spring.  The incrense in temperature is held to a uniform rate
by an automatic thermometer-controlled henting device,  Con-
gisteney changes nre recorded continuourly on graph paper.
Sinee the flow of material around the rods in the cup is turbulent
ruther than streamline, the results are not expressed - in poises.
The arbitrary viscosity units on the graph paper supplied with
the instrument are used,  The curves obtained with this in-
strument are readily reproducible.
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Brubender Viscograph (Diskasscibled)
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The consistency-temperature curves (Figures 3 to 7, inclusive)
were taken from the graphs made by tho Brabender Viscograph.,
The curves, which have tho sume general shape as the cor-
responding original graphs, were transferred to rectangular co-
ordinates and srranged to conform with general usage. Iach
determination was mude with 600 grams of a 3.69% starch sus-
pension.

FACTORS INFLUENCING CONSISTENCY

In the course of manufacturing and handling potato starch,
a number of factors influence its consistency, such as the quality
of water used, chemical treatment, drying, and storage. In
this paper the ceffect of drying and the presence of water-soluble
material are considered. .
Dryina. It is well known that heat degrades starch.  In the
absence of catulysts and at relatively low temperatures, the
extensively degraded products known as dextrins or British
agims are not produced, but it is reasonable to suppose that some
nge does take place. Thercfore, the effect of drying starch
y heat on the consistency of its paste was investigated, "The
results of some preliminary experiments are shown in Table 1.
It is evident from these data that drying starch by heat to below
the air-dry moisture level at the temperatures used (00° to
135° C.) lowers its paste consistency in some cases to a con-
siderable extent.
The effect of prolonged heating at 100° and 110° C. in a gravity
convection oven on commercially dried starch is shown in Figure
2. Apparently the paste consistency continues to decrease

curves in IMigure 3, another experiment

wans conducted to determine the effect
of the moisture content of starch on its paste consistency,
independent of the effect produced by heating, A samplo of
the sume starch was slurricd with distilled water and de-
watered on a Bilchner funnel. The filter enke was divided
in half. One half, A, was air-dricd at room temperature;
the other half, I, was dricd overnight in o gravity convection
oven at 100° C. and then allowed to remoisten in air at room
temperature. Samples were tuken from time to time from
both portions, and moisture and consistency  determination
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made. The peak consistencies of the samples from portion A
ranged from 740 to 780; the maximum consistencies (there were
no peaks in the curves) of the samples from portion B ranged
from 460 to 500. After both were exposed to air for 32 hours,
A had a moisture content of 13.3%, and a peak congistency of
770, while I3 had a moisture content of 13.47%, and o maximum
consistency of 480, ‘Therefore, it appears that the previously
noted decreases in consistency were due to the action of the heat
and not to the moisture content of the starch,

Another result of oven drying considered here was the forman-
tion of water-soluble materiul and its possible effect on the paste
consistency.,  To test this possibility, a sample from portion
B was washed sceveral times by deesntation with distilled water
and air-dried; then ity consistency was mensured.  The maxi-
mumn consisteney of this sample was 475, which lies within the
range of the unwashed samples from portion 13,

Although drying sturch to nearly zero moisture content coauses
considerable lowering of paste consistency, the oven drying of
wet starch to the air-dry moisture range, at temperatures helow
80° C., docs not result in such an effect.  Samples of wet starch
from two Maine factories were dried in quarter-inch and half-
inch layers in gravity-convection and forced-draft ovens at 60°
to 80° C. for 1 to 5 hours, The moisture content was therchy
reduced from 40 to 16%, without noticeable change in con-
sistency.

Waren-SoLusris Materian, It is generally known that the

bsence of small amounts of cleetrolytes and perhapy other

uble material influences the consisteney of starch pastes,
iis effect iy clearly demonstrated in Figure 4, where consistency-
temperature curves are given for two pastes made from the same
starch, one using distilled water and the other using tap water,
In the latter ense the soluble materiad of the tap water was added

to the starch paste.  All commercinl starches contain some,
soluble material, part of which might originatein the drying
process, It was shown above, however, that the water-soluble
material formed in starch on heating does not influence ity paste
consistency,  The effect on consisteney, thercfore, iy cauzed
by solubles introduced by the water used in processing.  The
effect of soluble material on conzistency enn be mensured by mak-
ing consistency determinations on a sumnple before and after it s
washed with distilled water.  Our experiments have shown that
one washing iy sufficient; zubsequent washings did not cauze any
appreciable change in the congistency curve,

Keeping in mind the effeets of heat degradation and con-
tamination with clectrolytes on the consisteney of sturch pustes,
the result produced by washing should give some indication
of the eanses of low consistency.  The foregoing digeussion haw
brought out that a clean, undegraded sample of potato starch
should have o high penk consistency and should exhibit this peak
at o temperature below the boiling point of the paste. The
less the heat degradation, the lower the temperature of the
consisteney penk.  If the original sample hus no consistency penk
and o definite peak appears after washing, it is evident that the
sumple contained water-soluble impuritics that affected  the
viscosity.  If, on the other hand, no peak appears even after
washing with distilled water, it is a good indication that the
sumple itself was degraded during manufacture or handling.
If the original gumple has o conzisteney peak and washing with
distilled water enuses thiz peak to oceur at o lower temperature,
it may be inferred that the original sample iy slightly con-
taminated with water-soluble impurities that lower itz con-
sisteney,

All washing was done by decantation,  "Thirty grams of nir-
dry starch were stirred with 500 ml, of water in o 600-mnl. heaker,
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the stareh was nllowed to settle, and the supernatant liquor was
poured off. After the final washing, the sample was slurried
with 100 ml. of water and dewatered on o Bitchner funnel (13.5
em.). Air at room temperature was drawn through the filter
cake for about 2 hours. The moisture content after this treat-
ment was 13 to 149,

The factors influencing the consistency of potato starch pastes
are complex. Naturally, cold-water-soluble muterial and deg-
radation by heat are not the only causes for differences in con-
gistency among various snmples,  Thus, whilo sample 26 (Fig-
ure 7) is degruded according to the criterion presented here, ity
maximum consistency is higher than the penk consintency of
sample 11 (Figure 7) which, by the sume criterion, is undegraded.
Tor this reason it should be emphasized that the important con-
siderations in interpreting paste consistency data are the ap-
pearance of a peak in the consistency-temperature curve and the
changes in this curve after the sumple is washed, rather than the
magnitude of the peak or maximum consistency.

EXAMINATION OF 1941=-42 STARCHES

Samples of domestic potato starch from twenty-four plants
operating during the 1941-42 season were examined. It is real-
ized that one sample cannot be accepted as representative of a
manufaeturer’s entire production for a season,  Since all the
samples from the principal producing area (Aroostook County,
Maine) were collected at the sume time, however, it is rcasonable
to expect that most of the factors influencing the quality of this
starch, other than the conditions prevailing within the factories,
were uniform.  (The weather and soil types in various parts of
the potato-growing urca are fairly uniform, but the varietal
factors and cultural practices differ somewhat. Conscquently,
the preceding statement is not strictly correct, but that it is justi-
fiable is borne out by subsequent results.)  Therefore it may be
assumed that differences among the various saumples reflect
manufacturing conditions.  The following determinations were
made; all weights of starch are given on the dry-weight basis:

Morstuns was determined as the percentage loss in weight of
a 5-gram sample (approximate) when heated for 2 hours at 135° C.
in a gravity-convection oven,

Asit was determined by igniting about 3 grams of dried starch
in a muffle furnace at about 600° C. until the ash was just fused.

Sonusti MareriaL,  Cold-water golubles content was de-
termined by shaking 25 grams of starch for 10 minutes at room
temperature with sufficient distilled water to make a total weight
of 175 grams. This was followed by centrifuging, decanting
through n filter, evaporating a 50-ml. portion of the filtrate to
dryness, and heating the residue to constant weight at 100° C.
The amount of soluble material per 100 grams of starch was cal-
culated.

Aciorry was determined by titrating a suspension of 20 grams
of starch in 100 ml. of distilled water with 0.1 N sodium hydroxide
to a 30-sccond phenolphthalein end point.  Owing to difficulty
in reading the end point, the results were not, precisely reproduc-
ble,  Acidity was expressed as milliliters of 0.1 N sodium hy-

roxide per 100 grams of starch,  The pH determinations were
nade with a Beckman pll meter, using suspensions of 1 gram of
tarch in distilled water to make a total weight of 6 grams,

Consisteney.,  Distilled water was used in preparing the
starch paste. Two determinations were made. on cach sam-
ple with the DBrabender instrument as described above, A
consisteney curve was made for the original sumple (as received)

and another after it was washed with distilled water (Figures b,
6, and 7). ‘The maximum consistency in arbitrary units and the
temperature al which the consistency penk, if any, oceurred are
recorded in Table I for both determinntions, The point at which
tho consistency curve bends awny from the tempernture nxis
(Figures 3 to 7) is the gelutinization tempernture of the sample,
There was Jittlo varintion in the relntinization temperntures;
tho range wns roughly 60° to 65° C., the higher temperatures
being rather indefinite beeauso of slow gelntinization,

Revieerancn,  Degree of whiteness was mensured ay the
amount of light (wave length, 450 ) reflected relative to mag-
nesium oxido (MgOQ = l()()%s by u smooth surface of cach sun-
ple. Al samples were mensured as received except that pearl
starch was first powdered in n glass mortar,

Swrnting Powkt was determined by Ripperton’s method
(9, 10), using 1.2 gramns of starch and a total of 300 ml. of water
in a 500-ml, eylinder. Examination of the data revenls no cor-

relntion with any other property mensured.

Parerienn Sizis distribution was mensured for all the sanples,
The A.S/T M. hydrometer method (1) was used. The samples
were dispersed in water with o Waring Blendor, ‘T'able HI gives
data on the particle-size distribution of Maine and western

These duta are presented as distribution curves in

starches.
Tigure 8.

In addition to these data, information was obtained con-
cerning the manufacturing methods and water used in the Maine
starch factories. Figure 5 shows the cffect of washing on a
sample of sturch of appurently inferior quulity. Iven washing
with tap water incrensed the consistency over that of the original
sample.  In the curve for the portion washed with distilled water,
a peak appears to be forming at the boiling point of the paste.
In Figure 6 o definite peak appears in the curve for the washed
portion of sample 7, whereas the curve for the original sample
has no peak; with sample 14, the peak for the washed portion
oceurs at o lower temperature than the peak for the original
sample. In Figure 7, however, washing tho samples with dis-
tilled water enused little change in the consistency-temperature
curves.

Interpreted in the light of preceding cxperiments, the implica-
tions of Figures 5, 6, and 7 are as follows: Sample 17 (Iigure 5)
contains water-soluble impurities and is somewhat ‘degraded.
Sample 7 (Figure 6) containg soluble material and is probably
degraded less than sample 17. Sample 14 (Figure 6) is relatively
undegraded, though it contains some soluble materinl.  Sample
25 (Figure 7) is somewhat degraded, and has a low content of
soluble materinl, Sample 11 (Figure 7) neither contains much
soluble material nor is degraded to any great extent.
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USE OF DATA IN EVALUATING STARCH

Pests other than consistency mensuremonts are imporbant

evalunting a starch sumplo,  As Tuble [T shows, the ash con-

it of white potato starch is fairly uniform within n rather

rrow rango (roughly 0.30 to 0.37%).  An ash content subutan-
tinlly higher than 0.37%, might indicate the presenco of extran-
cous nonvolntile materind, such ag soil particles.  The presence
of an excessive amount of cold-water soluble materinl might lead
us to suspect that in some enses the starch was degraded,  Tox-
censive aeidity, especinlly if necompnnied by a sour or musty
odor, would be likely to indieate baeterinl degradation,  Low
pH might have similar inplications,  For some uses, degres of
whiteness in itself is an important consideration, aside from the
fact that discolorntion or specks of dirt would indiento spoilage
or contumination. A moisture eontent of about 12 to 18, is
desirable for shipping and storing.

To summarize, n sample of avernge-quality potato starch
should have an ash content of shout 0.85%, low acidity, n pli
near the neutrality point, high reflectunee, and o paste con-
sintency-temperature eurve in which o penk oceurs below the
boiling point and which remaing substantinlly unchanged when
the sample is washed with distilled water,

Since many variables influenee the quality of potato starch,
it is diflicult to evalunte the product adequately. In practice,
starch should bhe evaluated. for the properties required for o
specific applieation,

WATER AND MANUFACTURING METHODS

The datu in Table 1 show that, when well water is used for
washing the starch, further washing with distilled water pro-
duces relatively little incrense in paste consistency or decrense
in temperature of peak congistency.,  Starch made with surface

ater generally appears to be of poorer quality than that made

ith well water.  T'wo of the highest grade samples (5 and 14)

were made with well water, and tabling was used for starch

separation. It iy also apparent that in the batch vat process
better starch is made in conerete vats than in wooden ones.
These conelusions are brought out by the data in Table IV,

Tasre IV, Averace Increase IN Maximosm  CoONSISTENCY
Propucen sy Wasiming Various CLASSES oF SAMPLES

Av. Increano
No. of Satples in Max.
Clans of Starch Examined Consistency

Western® 60
Washed with well water 65
Purified by tabling 6
Purificd by acttling in concrete vats 146
All sumples 174
Maine 197
Washed with surface water ‘ 229
Purified by nettling in wooden vats (] 292

6 No data on water or purification method available.

Since the number of samples examined was limited, it was not
possible to take into account the interaction of the different
factors involved. Statistical treatment could have been em-
ployed had the number of samples been sufficiently Inrge. It
should be remembered, too, that samples may show only a small
consisteney inerease on washing and still be badly degraded;
henee, the data in Table 1V relate to contamination only by
water-soluble inrpurities affeeting consistency, no consideration
being given to inherent degradation,

No information was available as to the drying conditions used
he varions faetories. It is thought that some of the sumples
ich showed no peak in the consistency curve, even after wash-

¢, may have been degraded by bacterial action aceelerated by

¢ conditions of drying or storing.

While better stareh is produced by tabling than by vat settling,

no provision is made in cither method for the removal of im-

purities hewvier than etareh, sueh ag oil particlen; even the bent
sumples exumined contained some heavy particles that settled
fuster than the starch pranules,  Dirt, particles were nlways
noticed b the bottom of the beaker in the wishing experiments,

Thurber and Paine (11) propozed aomethod of starch purifien-
tion that would permit retoval of dirt particles of greater den-
wity than the stareh granules and too small to be removed by
serecning, althouph they do not point out, this advantuge, This
method of purifiention, which cmploys continuously operated
settling  columng or hydroseparadors, has other advantayes
that should muke it use vabuable in the production of whits
potato starch,  As Thurber and Paine pointed out, the ad-
vanbages are continuous and practiendly automatic operntion,
relutively snndl requircments for floor space (ahout one-third
that required for tables), and elimination of muech hand Inbor,
This process, however, is not uzed for potato starch purifieation
in this country, so far as is known,

PARTICLE-SIZE DISTRIBUTION

It was thought there might be s relation between particle-vize
distribution and method of purifieation.  The yields by the
old bateh vat process are only 50 to 70%, of the availuble starch,
whereas the yield of o modern factory using the tabling process
is more than 90%, (3).  Sinee the surface of the settled layer is
seraped in the vat process, it was reasoned that most of the
starch thus lost would be in the small particle-size ranges.

T'his suspected relation was investignted as follows: An average
cumulntive particle-size distribution curve was constructed by
averaging the percentage undersize for all the samples ot cuch
gize at which o measurement was made and plotting these average
values.  Similar average eurves were then constructed for the
tublod samples, for the samples settled in conercte vats, and for
the sumples settled in wooden vats. The curves thus obtained
were practically congruent, indieating that the method of puri-
ficution had no hearing on particle-size distribution,

A similar comparison was made between starch produced in
Muine (sumples 1 to 22, inelusive) and that produced in the
western states of Idaho, Minnesots, and Oregon (sumples 23
to 26, inclusive).  In this ease there were noticenble differences,
us Figure 8 shows.  The values in Table 1 and the bur graphs
in Figure 8 were obtained by interpolation from the distribution
CUTVes,

ACKNOWLEDGMENT

The reflectance determinations were made by B. A, Drice
and R. M. Chapman of the Analytical and Physical Chemistry
Division of this laboratory. Information concerning the water
and manufacturing methods in the Maine fuctories was supplied
by courtesy of the Food Distribution Administration, The
cooperation of the potato starch manufacturers in submitting
samples is appreciated.

LITERATURE CITED

(1) Am. Soe, for Testing Materials, Book of Standards, Vol, II,
p. 453, 12422-39 (1939).

(2) Barham, H. N., Wagoner, J. A., and Reed, G. N., Inn. Ena.
Cues., 34, 1490 (1912).

Brautlecht, C. A., Kept. New Engl. Assoc. Chem., Teachers, 11,

No. 2, 59 (1939).

(4) Cuneenr, G. V., and Moore, 5.
(Y35,

(5) Herschel, W. 1L, and Bergquist, C., Ibid., 13, 703 (1921).

(6) Morgan, W. L., and Vaughn, N. L., [bid,, 35, 233 (1943).

(7) Muller, G, L., Chem. & Mect. Eng., 48, No. 3,78 (1941).

(8) Pierson, G. G, Ixn. Jisa, CuksM., AN, Eb., 6, 135 (1934).

(9) Ripperton, J. C., Hawaii Agr. BExpt. Sta., Sull, 63 (1931).

(10) Ripperton, J. C., Isn. BExa, Cues., ANAL. b, 3, 162 (1931).

(11) Thurber, F. H., and Paine, H. 8., Inn. EnNo. Cirem,, 26, 667
(1934).

s., Inn. ENa. Ciem., 27, 1447

Presenern before the Division of Sugar Chemintey and Technology at the
106th Meeting of the Amentcan Cursicarn Sociery, Pittshurgh, Pa.




